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(54) Method and device for automatically calibrating a digitizer 



(57) The present invention is in the technical field of 
image digitizers or scanners. It relates to a method and 
device enabling the automatic calibration of digitizing 
equipment. 

The method and device of the invention enable the 
auto-calibration of a digitizing device (1) by taking into 
account sensitometric data specific to a film strip (2) to 
be digitized, to automatically adjust the digitizing param- 
eters of the digitizing device (1 ), according to these sen- 
sitometric data and without operator intervention. 

The application field of the invention more especial- 
ly relates to the users of digitizing equipment dedicated 
to motion picture films. 
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Description 

[0001] The present invention is in the technicai field 
of digitizers or scanners. It relates to a method and a 
system for automatically calibrating digitizing equipment 5 
used in the photographic industry, and more especially 
digitizing equipment (film scanners) dedicated to motion 
picture films. 

[0002] The prior art discloses methods and/or sys- 
tems for calibrating digitizing equipment 10 
[0003] US Patent 5,874,988 describes a system and 
a method for automatically correcting the colors in a film 
scanner. This patent describes how correction is per- 
formed by managing statistical parameters linked to a 
source image and by comparing these statistical param- 15 
eters with those of a reference image, the reference im- 
age data being memorized. The statistical parameters 
are the gain, the gamma-factor and the black level. Cor- 
rection is performed until the adjustment is optimized 
between the reference image parameters and the sta- 20 
tistically determined parameters of the objective to be 
achieved forthe source image. This patent, for adjusting 
film scanner colors, is based on the statistical analysis 
of the pixels between two images, one source image 
and one reference image; it does not take into account 25 
sensitometric measurements made on the film strip to 
be digitized. 

[0004] US Patent 6,115,062 describes a system and 
a method for calibrating a film scanner using a reference 
film strip with known optical densities. The gain, gamma 30 
and black level are adjusted in relation to this calibrated 
reference strip with preset optical density levels and cor- 
responding to three different gray levels. For the film 
scanner to be correctly adjusted, the video signal or out- 
put voltage must match the optical densities of the three 35 
preset gray levels. This patent does not take into ac- 
count sensitometric measurements made on the film 
strip to be digitized. 

[0005] It is especially useful to optimize the calibration 
methods of digitizing equipment, in particular in the field 40 
of the motion picture industry. The objectives of quality 
and cost, and thus of productivity linked to this industry 
involve using reliable and fast digitizing equipment, ca- 
pable of adapting to all types of film to be digitized. The 
present invention provides a rapid and automated meth- 
od for calibrating digitizing equipment (film scanners) 
that achieves these objectives, by taking into account 
sensitometric data of the film to be digitized and not de- 
pending on operator intervention. 

[0006] The present invention more especially relates 50 
to a method for automatically calibrating a digitizing de- 
vice for photosensitive film comprising the following 
steps: 

a) place in the digitizing device, a photosensitive 55 
film strip comprising at least one sensitometric cal- 
ibration patch; 

b) detect at least one sensitometric calibration 



patch of the film strip; 

c) digitize at least one sensitometric calibration 
patch of the film strip; 

d) determine the pixel digital data of the at least one 
sensitometric calibration patch; 

e) determine, according to the pixel digital data de- 
termined in step d), the optical density values of the 
points of at least one sensitometric curve specific 
to the film strip; 

0 adjust the digitizing parameters of the digitizing 
device by bringing about the transformation, into 
coded values, of the optical density values of all the 
points of the sensitometric curve specific to the film 
strip, in the range of coded values of the optical den- 
sity of the digitizing device, and by filling practically 
all said range. 

[0007] The present invention also relates to a digitiz- 
ing device for photosensitive film comprising an auto- 
matic calibration module forthe digitizing parameters of 
said device, characterized in that said calibration mod- 
ule transforms, into coded values, the optical density 
values of all the points of a sensitometric curve specific 
to the film strip, in the range of the coded values of the 
optical density of the digitizing device. 
[0008] Other characteristics and advantages of the in- 
vention will appear on reading the following description, 
with reference to the drawings of the various figures. 
[0009] Figure 1 represents diagrammatically a hard- 
ware environment of a first embodiment of the system 
according to the invention. 

[0010] Figure 2 represents diagrammatically a hard- 
ware environment of a second embodiment of the sys- 
tem according to the invention. 

[0011] Figure 3 represents an example of an emul- 
sion-coated photosensitive film strip comprising at least 
one sensitometric calibration patch. 
[0012] Figure 4 represents a cross-section made ac- 
cording to line 4-4 of Figure 3. 

[0013] Figure 5 represents a diagram of the imple- 
mentation of the invention method. 
[0014] Figure 6 represents a diagram of the optical 
densities corresponding to sensitometric curves, as a 
function of the exposure. 

[0015] Figures 7 and 8 represent diagrams of the cod- 
ed values of optical density, as a function of the expo- 
sure. 

[0016] Figure 9 represents a diagram of the coded 
values of optical density as a function of the optical den- 
sities. 

[0017] The implementation of the automated method 
of the invention, called auto-calibration, ensures con- 
sistency of digitizing results between different digitizing 
equipment, especially for color films. In addition, this 
method enables the successive digitizing of film types 
that are different in their sensitometric characteristics, 
whether in black and white or color The auto-calibration 
of digitizing eq uipment implemented by the method and 



3 



EP 1 318 671 A1 



4 



device of the present invention optimizes the digitizing 
of an emulsion-coated photosensitive film, by using all 
the sensitometric characteristics of said film. One of the 
major advantages of the invention is to enable the au- 
tomatic digitizing, for example in sequence, of the imag- s 
es of a photosensitive film strip. The present invention 
especially enables the digitizing of film strips with differ- 
ent sensitometric characteristics, assembled end to 
end, and forming the same reel of film. The present in- 
vention thus enables the automatic setting or adjust- 10 
ment of the calibration of the digitizing parameters (gain, 
gamma and black level) of digitizing equipment, to au- 
tomatically modify the exposure to light of a film in said 
device, taking into account the sensitometric data spe- 
cific to each strip to be digitized. The digitizing is thus '5 
performed without operator intervention to execute ad- 
justments of the digitizing equipment during said digitiz- 
ing; thus adjustment errors or personalization due to the 
operator are prevented, while sensitometric data specif- 
ic to each film strip to be digitized are integrated. 20 
[0018] The following is a detailed description of the 
main embodiments of the invention, with reference to 
the drawings in which the same numerical references 
identify the same elements in each of the different fig- 
ures. 25 
[0019] The present invention is implemented in the 
hardware environment represented by Figures 1 and 2. 
The digitizing equipment 1 comprises the following main 
components: a digitizing management module 3, a dig- 
itizing head 4, and at least one electronic card 5 for man- 30 
aging the control and processing of the digitizing. The 
digitizing equipment 1 also comprises components 
equipped for example with CCD sensor type transfer de- 
vices or photomultipliers, known to those skilled in the 
art. The electronic card 5 for managing the digitizing 35 
manages the digitizing of images of shots recorded on 
a photosensitive film strip 2 to be digitized. The links 1 0, 
internal to the digitizing device 1, enable the communi- 
cation of digital data corresponding to the digitized im- 
ages, between the management module 3, the digitizing 40 
head 4 and the electronic card 5. The links 10 also en- 
able the communication of digital set points and/or syn- 
chronization signals between the main components 3, 
4 and 5. The digitizing device 1 is for example a film 
scanner used in the motion picture field. The manage- 45 
ment electronic card 5 communicates output digital data 
from the device 1 . by the links 20, on the one hand to a 
color correction module 6, and on the other hand to an 
automatic calibration module 7. These digital data com- 
prise the digital data that correspond to the digitized im- so 
age. The calibration module 7 comprises a program for 
automatically performing the calibration of the digitizing 
equipment 1 . The calibration module 7 also called auto- 
calibration module 7 prepares and communicates its or- 
ders to the digitizing device 1 , using protocols provided 55 
for this purpose. The links 20 enable the communication 
of image digital data, through the output 8 of the digitizer. 
The color corrector 6 communicates for example, by the 



link 30, the image digital data to a device 9. The device 
9 is for example a digital viewing monitor, or a device for 
memorizing said data. 

[0020] According to a first embodiment, the invention 
is implemented in an environment represented by Fig- 
ure 1 . This configuration called standard means not be- 
ing dependent on the manufacturer or the type of digi- 
tizer 1. In this embodiment known digitizing standards 
are used, i.e. using standardized file formats. Thus, for 
example, the following are used: video standards CCRI 
601-1 (International Radio Central Committee) and 
SMPTE 296 M HD (high definition), the standards 
SMPTE 248 and SMPTE 274 (output interface), or any 
other recognized standard available. In this embodi- 
ment, a certain number of output bits is received from 
the digitizer 1; and this number of output bits, deter- 
mined by the standard, is for example 10 bits. 
[0021 ] According to Figure 2, the second embodiment 
of the implementation of the invention corresponds to a 
specific configuration enabling a direct connection, by 
the link 40, of the calibration module 7 with the internal 
components 3, 4 and 5 of the digitizer, and before the 
output 8 of said digitizer. This configuration provides for 
improved accuracy of the calculation management of 
the auto-calibration parameters, between the electronic 
cards 5 and the calibration module 7. For example, 14 
bits are communicated, by the digital link 40, between 
the calibration module 7 and the management card 5. 
[0022] The auto-calibration module 7 can be included 
in the digitizing device 1, or stay independent outside 
said digitizing device 1 . In the latter case, the auto-cal- 
ibration module can be included in a computer equipped 
with suitable interfaces for communicating image digital 
data with the digitizing device 1 . The auto-calibration 
module 7 enables the setting or adjusting of the digitiz- 
ing parameters of the digitizing device 1 , i.e. the gain, 
gamma and black level or lift. These parameters are ex- 
plained below. 

[0023] According to the Figures 3 and 4, a film strip 2, 
for example motion picture film, comprises a support 1 7, 
an emulsion layer 1 8 sensitive to light exposure, and at 
least one sensitometric calibration patch 12, 15. The 
sensitometric calibration patch 12, 15 is placed on the 
film strip 2, preferably at a place different than the loca- 
tions of the shot images recorded on said film strip 2. 
However, in a downgraded embodiment, the sensito- 
metric calibration patch 12, 15 can also be placed in an 
image location recorded on the film strip 2. The sensit- 
ometric calibration patches are spaced regularly along 
the axis 22 of the film strip 2. In a preferred embodiment 
of the invention, the sensitometric calibration patches 
1 2 are for example placed at the start of the film strip 2, 
before the recorded images, and spaced by a distance 
corresponding approximately to the distance separating 
for example four successive perforations 14 of the film 
strip 2, in the case of the most commonly used format 
used, i.e. 35 mm. The sensitometric calibration patch of 
the film strip 2 has for example a circular shape 12; its 
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optical density varies between two known values, be- 
tween the center of the circle 23 forming said sensito- 
metric control and the line 24 forming the perimeter of 
said circle. If the sensitometric calibration patch of the 
film strip 2 has for example a shape corresponding ap- 5 
proximately to the location of an image 15 on the film 
strip 2, the optical density varies between two known 
values, between a first edge 25 and a second opposite 
edge 26 of said sensitometric calibration patch 15. 
When several sensitometric calibration patches are 10 
used successively 12, 15 along the axis 22 of the film 
strip 2, the values of the ranges of known different opti- 
cal densities are determined for each of said successive 
sensitometric calibration patches. It is clear that any oth- 
er location of the sensitometric calibration patches on 15 
the film strip 2 and any other geometric shape of sensi- 
tometric calibration patch (e.g. polygonal) can be envis- 
aged and implemented by the invention method. It is al- 
so obvious that the sensitometric calibration patches 
can be identical both in exposure and geometric shape. 20 
[0024] Figure 5 represents all the successive opera- 
tions of the implementation of the invention method. All 
these operations are automatically sequenced by the 
execution of the instructions of a control program. The 
operation 1 00 is the placing or loading in the digitizing 25 
device 1 , of a film strip 2 comprising at least one sensi- 
tometric calibration patch in its emulsion. The operation 
110 detects the sensitometric calibration patch(es) 12, 
15 placed on the film strip 2. Detection of the sensito- 
metric calibration patch 12, 15 is performed by shape so 
recognition, carried out for example during the start of 
the digitizing operation of the film strip 2. The sensito- 
metric calibration patch 12, 15 of the film strip 2 is then 
digitized, operation 120. The invention method deter- 
mines, during digitizing of the sensitometric calibration 35 
patch, the pixel digital data of said sensitometric calibra- 
tion patch. According to the operation 130, these digital 
data are for example saved in a file. According to the 
operation 140, the invention method, according to the 
pixel digital data determined during the operation 130, 40 
by reconstituting them point by point, determines at least 
one sensitometric curve specific to the film strip 2. It is 
important to stress this advantage of the present inven- 
tion: the sensitometric curve(s) correspond(s) to the 
emulsion of the sensitometric calibration patch that is 45 
the same emulsion as that of the film strip 2; conse- 
quently, the actual sensitometric curves of the film strip 
2 to be digitized are determined. Clearly several sensi- 
tometric curves are determined, if the film strip 2 is for 
example a color film: one sensitometric curve is deter- so 
mined for each of the respective layers, red, green and 
blue. If for example, the sensitometric calibration patch 
is represented by several spots of the type 12, each of 
said spots 12 represents all or part of the sensitometric 
curve. 55 
[0025] According to Figure 6, a sensitometric curve 
32 is represented diagrammaticaliy in an orthogonal 
system with Log E for abscissa and OD as ordinate. Log 



E is, in a logarithmic space, the emitted light exposure 
on the film strip and OD is the resulting optical density. 
The sensitometric curve 32 has one practically horizon- 
tal part 34, called curve foot, which approaches an as- 
ymptote 31 corresponding to the Dmin (minimum optical 
density); Dmin is a first significant characteristic of the 
film strip 2. The part 34 corresponds to low illuminations 
of the film, i.e. to a zone of the curve 32 for which the 
film does not react when the exposure is increased. 
Conversely, a practically horizontal part 36 of the curve 
32, approaches an asymptote 37 corresponding to the 
Dmax (maximum optical density), and corresponds to 
strong exposure, for which the film is near saturation. 
Dmax is a second significant characteristic of the film 
strip 2. Between the two practically horizontal parts 34 
and 37, the curve 32 is represented by a practically lin- 
ear shape 35. The sensitometric curve 32 represents 
the response of a given film strip 2 to illumination (light 
exposure). The slope of the curve 32 at the point M, 
characterizing the middle of the part 35, represents a 
third significant characteristic of the film strip 2, as the 
region of the curve 32 around the point M corresponds 
to the practical use of said film. The program associated 
with the digitizing device, from the optical density val- 
ues, transforms, according to Figures 7 to 9, said optical 
density values into coded digital values Vc. All the coded 
values (Vc) are coded for example on a scale of 10 bits 
and represent for example 1 024 different values, coded 
from 0 to 1 023, and that correspond to different gray lev- 
els. A coded value corresponds to each optical density; 
which is according to a transformation of the type: y = 
(A.x + B) G . In a preferred embodiment, the value of gam- 
ma (G) is one. Consequently, the previous equation is 
similar to the equation of a straight line 38; an equation 
of the type: 

y = A.x + B. In the graphic representation of this equation 
in an orthogonal system, and according to Figure 9, the 
optical density values are on the abscissa (x) and the 
coded values Vc on the ordinate (y). One of the major 
objects of the present invention is to align the parame- 
ters A, B and G (gamma), so that the transformation, 
into coded values, of the optical density values of all the 
points of the sensitometric curve specific to the film strip 
is contained within the range of the coded values (by the 
axis Vc) of optical density of the digitizing device 1 ; for 
example in the range of the 1 023 possible digital values, 
by the axis Vc. In other words, no optical density value 
corresponding to a film sensitometric curve, can be cod- 
ed out of the range 33 of the coded values going for ex- 
ample from 0 to 1023. When parameter A is varied, the 
gain of the transformation of the optical densities into 
coded values is varied; when B is varied, the black level 
(or lift) is varied, and when the gamma is varied, the 
straightness of the curve 38 is varied. The invention 
method automatically adjusts these digitizing parame- 
ters (gain, gamma and lift), so that all the optical density 
values, transformed into coded values, and correspond- 
ing to all the points of the sensitometric curve of the film 
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strip 2, are contained in the range 33 of the coded values 
(Vc) of optical density of the digitizing device 1 . 
[0026] From the determination 140 of the sensitomet- 
ric curve specific to the film strip 2, the morphology of 
the sensitometric curve obtained is tested against the 5 
Dmin and Dmax values of said curve. The object of the 
invention method is to adjust the digitizing parameters 
of the digitizing device 1 , i.e. to automatically adjust the 
gamma, gain and lift so that the transformation of the 
optical density values of all the points of the sensitomet- io 
ric curve 32, obtained during step 140, is contained in 
the range 33 corresponding to the scale of the coded 
values of said digitizing device 1, and practically fill all 
said range 33. A test 1 50 performed on a curve with the 
morphology of the curve 32 gives a positive result, as *5 
the coded values of all the optical density values of said 
curve are contained in the range 33 and practically fill 
all said range 33. This positive test result thus means 
no adjustment of the parameters (gamma, gain and lift) 
of the digitizing device 1 is required. Practically it may 20 
be considered that the adjustment of the digitizing de- 
vice is correct if the range 33 is filled to at least 90% of 
said range 33. However, if the test 150 is performed on 
curves of the type 42 or 52, the test result is negative. 
The sensitometric curve 42 has morphology that is in- 25 
compatible with the adjustment of the digitizing device, 
which generates too much inaccuracy in relation to the 
digitizing result. The sensitometric curve 52, which is in- 
compatible with the limits of the range 33 corresponding 
to the interval of the optical density values between 30 
Dmin and Dmax of said curve, also means a negative 
test result. If the test result is negative, the program gen- 
erates a first modification of the set points 1 60, enabling 
according to the loop 165, restarting of the digitizing 
process 1 20 leading to the adaptation of the adjustment 35 
of the digitizing device to the morphologies of the sen- 
sitometric curves. These set point modifications, based 
on automation programming strategies, are performed 
by the program according to the optical density values 
obtained, and thus lead to a first adjustment of the dig- 40 
itizing parameters. The process is restarted from the 
digitizing operation 120, according to a loop 165, once 
or several times if necessary, by iteration, until the test 
result 150 is positive. Thus a first automatic adjustment 
155 is achieved, corresponding to a first calibration of 45 
the digitizing parameters of the device 1 . 
[0027] An advantageous embodiment of the invention 
method also enables, after having performed the first 
type of adjustment of the digitizing parameters de- 
scribed above, more refinement by adjusting 1 60 the pa- 50 
rameters obtained after the first adjustment 155, to ap- 
proach for example the points of a known reference sen- 
sitometric curve. This known reference sensitometric 
curve can be a sensitometric curve specific to the same 
type of film as that of the film strip 2 to be digitized, or a 55 
different sensitometric curve, in relation to which adjust- 
ment in a specific context for example is required. 
[0028] The invention device reads, on the film strip 2 



to be digitized, the data 1 6 specific to said film strip, and 
auto-calibrates according to these data 1 6. The data 1 6 
specific to the film characterize the film type and espe- 
cially its sensitometric characteristics in relation to a ref- 
erence sensitometric curve 39. These data are advan- 
tageously encoded in the form of a barcode and placed 
for example on the edge of the film strip 2. The data are 
read for example by a barcode reader linked to the dig- 
itizing device 1 . The choices of reference sensitometric 
curves 39 are previously programmed in relation to the 
various film types capable of being digitized. A second 
test 170 is performed to measure the differences be- 
tween the curve obtained (e.g. 32), following the first ad- 
justment 155, and the curve 39 selected as reference. 
If the differences between the two curves are too great 
(outside the preset differences), a new modification of 
the set points 180 is performed, according to the loop 
1 85, to restart the process from the digitizing operation 
1 20, by iteration, until the test result 1 70 is positive. Thus 
a second automatic adjustment 175 is achieved, corre- 
sponding to a second calibration of the digitizing param- 
eters of the device 1 , which is added to the first adjust- 
ment 155. 

[0029] Another variant of the previous embodiment al- 
so enables even finer adjustment of the first and/or sec- 
ond calibration obtained, by using for example a trans- 
formation table of digital values or LUT 190 (look up ta- 
ble). The calibration program determines the LUT in the 
digitizing device 1 . These LUTs are generally calculated 
according to the relationship between the data of the 
sensitometric curve of the film strip 2 to be digitized and 
the reference curve. This LUT increases the number of 
adjustment possibilities. The LUT is for example, for a 
color film, a table with three inputs (red, green and blue) 
coded for example on 10 bits, and three outputs (red, 
green and blue); each of the table's outputs results from 
a programmed transformation of the input values. 
[0030] Thus a final calibration 200 of the digitizer 1 is 
achieved. 

[0031] The invention has been described with refer- 
ence to the preferred approaches, but it is clear that the 
present patent application covers all variants that can 
be made and which correspond with the present inven- 
tion. Accordingly, such approaches are for illustration 
and do not restrict the claimed protection. 

Claims 

1 . A method to automatically calibrate a digitizing de- 
vice (1) for photosensitive film (2) comprising the 
following steps: 

a) place in the digitizing device (1 ), a photosen- 
sitive film strip (2) comprising at least one sen- 
sitometric calibration patch (12), (15); 

b) detect at least one sensitometric calibration 
patch (12), (15) of the film strip (2); 
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c) digitize at least one sensitometric calibration 
patch (12), (15) of the film strip (2); 

d) determine the pixel digital data of the at least 
one sensitometric calibration patch (12), (15); 

e) determine, according to the pixel digital data 5 
determined in step d), the values of the optical 
density (OD) of the points of at least one sen- 
sitometric curve (32) specific to the film strip (2); 

f) adjust the digitizing parameters (A), (B),(G) 

of the digitizing device (1 ) by bringing about the io 
transformation, into coded values (Vc), of the 
optical density values of ail the points of the 
sensitometric curve (32) specific to the film strip 
(2), in the range (33) of coded values of optical 
density of the digitizing device (1 ), and by filling 15 
practically all said range (33). 

The method of Claim 1 wherein, after the step of 
determining the optical density values of the sensi- 
tometric curve (32) specific to the film strip (2), from 20 
the digitizing step (120) of the sensitometric calibra- 
tion patch (12), (15), the digitizing parameters of the 
device are automatically adjusted, by iteration, until 
the transformation of the optical density values of 
all the points of the sensitometric curve specific to 25 
the film strip is contained in and fills practically all 
the range (33) of the coded values of optical density 
of said device (1). 

The method according to anyone of Claims 1 or 2, 30 
wherein the transformation of the optical density 
values of all the points of the sensitometric curve 
(32) obtained and specific to the film strip (2) fills 
the range (33) of the coded values of optical density 
of the digitizing device to at least 90%. 35 



values, of the optical density (OD) values of all the 
points of a sensitometric curve (32) specific to the 
film strip (2), in the range (33) of the coded values 
of optical density of the digitizing device (1). 

8. The digitizing device (1) according to Claim 7, 
wherein the calibration module (7) adjusts the black 
level (B) of said device (1). 

9. The digitizing device (1) according to anyone of 
Claims 7 or 8, wherein the calibration module (7) 
adjusts the gain (A) of said device (1). 

10. The digitizing device (1) according to anyone of 
Claims 7 to 9, wherein the calibration module (7) 
adjusts the gamma (G) of said device (1). 

11. The digitizing device (1) according to anyone of 
Claims 7 to 1 0, wherein the film strip (2) to be digi- 
tized includes data specific to the film, said data 
specific to the film (2) enabling the determination of 
at least one reference sensitometric curve (39) of 
said film. 

12. The digitizing device (1) according to anyone of 
Claims 7 to 11 , wherein the data specific to the film 
strip (2) to be digitized are barcode data (16) en- 
coded on said film strip, said data being intended to 
be read by a reader linked to the digitizing device 
(1). 



The method according to anyone of Claims 1 to 3, 
wherein the line forming the sensitometric curve 
(32) specific to the film strip (2) is further adjusted 
automatically to approach the points of a reference 40 
sensitometric curve (39). 

The method according to anyone of Claims 1 to 4, 
wherein the digital data of the reference sensitomet- 
ric curve (39) are memorized in the digitizing device 45 
(1). 

The method according to anyone of Claims 1 to 5, 
wherein the automatic adjustment of the line form- 
ing the sensitometric curve (32) specific to the film so 
strip (2) in relation to a reference sensitometric 
curve (39) is performed using a color table (LUT). 



A digitizing device (1 ) for a photosensitive film strip 
(2) comprising an automatic calibration module (7) 55 
of the digitizing parameters (A), (B), (G) of said de- 
vice (1), characterized in that said calibration 
module (7) adjusts the transformation, into coded 
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